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ABSTRACT 
Thirty-two students aged 7 to 12 were administered three standardized eye movement 
tests (Developmental Eye Movement, Groffman, and Visagraph) as well as a questionnaire 
probing perception of their reading ability. In general , low correlation was found between 
standardized tests and questionnaire results. Students in this age group may not be reliable 
predictors of their own reading abil ity. Therefore, input from teachers, parents and object ive tests 
should provide the basis for evaluation. Some guidance for optometrists in selecting the most 
appropriate test(s) to administer was determined. The OEM correlated with general reading 
performance. The Groffman correlated with leisure reading. The Visagraph correlated with 
comprehension after a single reading , use of a marker to maintain place and reading rate. 
INTRODUCTION 
The most important academic skills for students to possess is the ability to read efficiently 
and understand the material read. Accurate eye movements are essential to this ability and have 
been shown to correlate positively with academic skill. l The purpose of our study is to answer 
the question: Is there a correlation between how efficiently a student thinks he or she reads and 
how efficiently the student performs on three standardized eye movement tests? 
There are three components which are most important to reading efficiency- fixations, 
regressions, and rate of reading with adequate comprehension. A fixation is separated by a 
saccade or interfixation movement that keeps the retinal image on the fovea. Each saccade 
covers an average of 1.33 to 1.50 words requiring approximately 20 milliseconds. The duration of 
fixation includes 90% of the total reading time and reflects the amount of processing time required 
for understanding. In normal readers the duration of fixation is influenced by age, with a reduction 
1 Maples, W.C. 0.0. Comparison of Eye Movement Skills Between Above Average and Below Average 
Readers. Journal of Behavioral Optometry. Vo l 1. No. 4. pp 87. 1990 
of fixation time by the fourth grade. Studies have shown that an above-average reader has a 
shorter duration of fixation compared to the average reader.2 
Regressions are the right to left eye movements made while reading. In normal readers 
regressions account for 10-20% of total eye movement when reading. When regressions 
increase to greater than 20% reading becomes inefficient.3 In other words, the smaller the 
number of forward regressive eye movements the better the reader. 
In 1993, a study by Opp and Stoebner was performed in which Visagraph eye 
movement measurements of 52 optometry students were compared to the subjective answers 
to 13 questions concerning reading and visual performance. 4 Opp et al found that objective 
Visagraph measurements of Reading Rate with Rereading, Reading Rate without Rereading, and 
Relative Efficiency correlated best with overall subjective reading performance, comprehension 
ability, and necessity to reread material. Low correlations were found with other comparisons of 
subject ive and objective performances. 
Once again our question: Is there a correlation between subjective reading performance, 
determined by a questionnaire, and object ive eye movement ability determined by standardized 
eye movement tests in the elementary school age population? The investigators believe there is 
a correlation and feel it is vital for optometrists to recognize the importance of proper eye 
movement testing when a student subjectively presents with difficulty in reading . 
METHODS 
A cohort prospective study was conducted to evaluate subjective reading performance 
and objective eye movement ability. The testing sample contained thirty-two volunteers from 
2 Pavlidis, George. Eye Movement Differences Between Dyslexics, Normal, and Retarded Readers While 
Sequentially Fixating Digits. American Journal of Optometry and Physiological Optics. Vol. 62. No. 12. pp 
820-832. Dec. 1 985. 
3 Solan, Harold. Eye Movement Problems in Achieving Readers: An Update. American Journal of 
Optometry and Physiological Optics. Vol. 62. No. 12. pp 812-819. Dec.1985. 
4 Opp, Curtis. Stoebner, Ben. Visagraphic Eye Movement Analysis and Subjective Correlates. Optometry 
Thesis. 1993. 
elementary school populations within the Washington County School District. For all 32 
volunteers, parental informed consent was obtained prior to any testing . The youngsters ranged 
in age from 7 to 12 years representing grade levels second through sixth. Fifteen of the students 
tested were male and 17 female. Evaluations were conducted on 24 students at Pacific University 
College of Optometry clinical facilities, the remaining 7 students were tested in a closely matched, 
quiet environment at St. Matthew's Catholic School library. On all testing, the investigators 
insured that each test was administered by the same investigator and in the same manner. 
Each student was administered a questionnaire prior to any eye movement testing. The 
questionnaire contained twelve items in which the student was instructed to mark the number 
value on a 9-increment scale which best rated his or her reading performance. The first question 
required the student to rate his or her general reading ability followed by four questions which 
dealt with understanding the material read. Questions six and seven asked the subject to rate 
how often a marker was used during reading and whether losing his or her place was a problem. 
How quickly or slowly the student read was question eight. Questions nine through eleven 
pertained to whether the student enjoyed leisure reading and/or preferred math or sports over 
reading. Asthenopia after reading for thirty minutes was rated by the student in question twelve. 
(See Appendix A for actual questionnaire.) 
Following the questionnaire, each student was tested with standard procedure and 
instruction on the Developmental Eye Movement Test (OEM). The Vertical Tests (Test A and Test 
B) were administered followed by the Horizontal Test (Test C). For all three tests, time and erors 
were recoreded. The Vertical Time score was determined by adding the time to complete tests A 
and B: 
Vertical Time = Test A time + Test B time 
(Errors occur so infrequently during the Vertical Test that they were not essential for scoring 
purposes.) Horizontal Time score was determined by compensating the time to complete Test C 
for the presence of omission (o) and addition (a) errors. The adjusted Horizontal time reflects the 
time that would have been required to read 80 numbers. The time was adjusted upward when 
numbers were omitted and adjusted downward when more than 80 numbers were read . The 
adjusted Horizontal Time was calculated by utilizing the following formula: 
Horizontal Time = Test C time x [80/(80-o+a)] 
Also calculated and recorded was the Ratio, determined as following: 
Ratio = (Horizontal Time I Vertical Time) 
Lastly, Total Errors were determined by adding the occurrence of all individual errors: 
Total Errors = (substitution + o + a + transposition errors) 
To determine the child's performance relative to the normal population, the Horizontal 
Time, Vertical Time, Ratio and Errors were each assigned a raw score, standard score, percentile 
rank and age equivalency. These values were provided in Tables 1 through 8 of the Normative 
Information section included in the OEM test. For statistical purposes, only age equivalency was 
used. 
Upon completion of the OEM, visual tracing was evaluated with the Groffman Visual 
Tracing Test (Mast Keystone) . As in the DEM, the test was administered with standard procedure 
and instruction to each child by the same investigator. To insure that each youngster understood 
the testing procedure, the demonstration test was administered first . This was followed by one of 
two Groffman test forms (Form A}. This form required the student to match, one at a time, five 
letters with a corresponding number connected by a line in a confusing lined field. The time 
required to reach the appropriate riumber was recorded and translated into points from Table 1 
provided in the Groffman Visual Tracing Test. The points for all five were totaled and recorded as 
score/score for age from Table 2. The score/score for age value was used for statistical purposes. 
Eye movement ability was lastly evaluated with the I•CT Visagraph Eye Movement 
Recording System. 5 Each child was properly aligned horizontally and vertically with the monitor 
as recommended by the testing manual. Alignment calibration values only above 200 were 
accepted. If calibration values fell below 200 the student was realigned. After insuring proper 
5 Taylor, S.E. Visagraph Eye Movement Recording System. New York, N.Y. 1985. 
alignment, the child read si lently the text presented on the computer screen. Text was selected 
for each individual based on his or her current grade (i.e. Level 3 for a third grader). When the 
youngster was finished reading, a 1 a-question comprehension test provided in the Visagraph 
Test Selection Booklet was orally administered. The comprehension test was used to qualify the 
subject's reading of the Visagraph selection as typical, a normal value of 70% for the reading level 
was used. The comprehension values expressed as percent along with the following were 
recorded for each student: number of fixations/1 00 words, number of regressions/1 00 words, 
directional attack, average span of recognition, average duration of fixation, reading rate without 
rereading, reading rate with rereading, number of lines read/used, relative efficiency/grade 
equivalent. If values differed significantly between the two eyes, an average value was used for 
statistical purposes. 
RESULTS 
A correlational study of subjective versus objective findings was performed using the 
StatView 512+v1.1 by BrainPower, Inc. Rand R2 values were computed , which tests for the 
degree of relationship between two variables or the degree to which one variable can predict 
another.6 The correlation coefficient r is an estimate of a population parameter that was sampled. 
The coefficient of determination , r2 can be thought of as a measure of the strength of the 
straight-l ine relationship. 7 
Below is a table from Francis8 that provides a general interpretation of the range of R. 
Range of R 
0.70 or higher 
0 .50-0 .69 
0.30 to 0.49 
Meaning 
Extremely Rare. Has a computational error been made? Recompute to 
make sure. 
Vel)l Good. Few studies sport correlation's of this magnitude. 
Good. Not too many studies have zero order correlations like this. 
6 Yolton, Robert. Statistical Review. (class handout) 1992. 
7 Zar, Jerrold. Biostatistical Analysis. Prentice-Hall, Inc. Englewood Cliffs, N.J. 1984. 
8 Francis, Roy G. Beginning Social Statistics. Burgess Publishing Co. Minneapolis, M.N. 1967. 
0.20 to 0.29 
0.10to0.19 
0.09 to 0.10 
Quite Ordinary. Many studies report a number of correlation's in this 
range. 
Quite Low. 
Really! After all statistical significance does not imply theoretical 
importance. 
Question one required the subjects to rate their general performance as a reader from 
excellent (1) to poor (9). When correlated with the DEM age equivalents, an r ==.334 and r2 ==.112 
were found. Correlation with the Groffman age equivalents produced an r == -.185, r2 ==.034. 
Correlation with the Visagraph age equivalents resulted in an r==.11, r2 = .01; with relative 
efficiency an r = -.218, r2 = .047. 
Question two asked the subjects to. rate from always(1) to never (9) whether they 
remember what they read after a single reading. These ratings were correlated with three aspects 
of Visagraph testing. An r = -.259 and r2 = .067 were found with the rate without rereading, an r = 
-.245 and r2 = .06 with the rate with rereading, and an r = -.076 and r2 =.006 with percent 
comprehension . 
Question three required the subjects to rate from always (1) to never (9) whether they 
understand material after a single reading. These ratings were correlated with three aspects of 
Visagraph testing. An r =.295 and r2 == .087 were found with directional attack, an r = -.204 and r2 
= .042 with rate without rereading and an r = .178 and r2 == .032 with percent comprehension. 
Question four asked the subjects how often they must reread material to understand it on 
a scale from always (1) to never (9) . The ratings were correlated with two aspects of Visagraph 
testing. An r == .135 and r2 = .018 were found with the rate with rereading and an r == .091 and r2 == 
.008 with percent comprehension. 
Question five requested the subjects to rate whether they skip words from never (1) to 
always (9). Correlation with DEM age equivalents produced r == .1 02 and r2 == .01. When 
correlated with Groffman age equivalents an r = .119 and r2 == .014 were found. Ratings were 
correlated with three aspects of Visagraph testing producing an r = .205 and r2 = .042 with 
fixations, an r = -.308 and r2 = .095 with average span of recognition an r = .243 and r2 = .059 
with average duration of fixation. 
Question six asked whether the subjects never {1 ) to always {9) used something such as 
their finger when reading. Correlation with OEM age equivalents produced an r = -.293 and r2 = 
.086. Correlation with Groffman age equivalence gave an r = .008 and r2 = 5.815 x 10 -5. Six 
aspects of Visagraph testing were correlated with this question. An r = .241 and r2 = .058 were 
found with regressions per 100 words, an r = .035 and r2 = .001 with directional attack and an r = 
-.202 ~nd r2 = .041 with average span of recognition. Average duration of fixation produced an r = 
.492 and r2 = .243, rate without rereading gave an r = -.285 and r2 = .081 and rate with rereading 
gave an r = -.3 and r2 = .09. 
Question seven required the subjects to rate whether they lose their place while reading 
from never {1) to always (9) . Correlation with OEM age equivalents gave an r = -.157 and r2 = 
.025. Correlation with Groffman age equivalents gave r= .226 and r2 = .051. Eleven aspects of 
Visagraph testing were correlated. With regressions, an r = .289 and r2 = .083 were found, with 
directional attack an r = .168 and r2 = .028 and with average span of recognition an r = -.181 and r2 
= .033 were found. An r = .291 and r2 = .085 were found with average duration of fixation, an r = 
-.178 and r2 = .032 with rate without rereading and an r= -.205 and r2 = .042 with rate with 
rereading . The number of lines read gave an r = .119 and r2 = .014, relative efficiency gave an r = 
-.086 and r2 = .007 and grade equivalent produced an r = -.244 and r2 = .06. An r = -.007 and r2 
= 5.221 x 10 -5 were found with percent comprehension and r = -.256 and r2 = .065 with age 
equivalents. 
Question eight asked the subjects how quickly they thought they read from fast (1) to 
slow (9). An r = .064 and r2 = .004 were produced when correlated with OEM age equivalents. 
Correlation with Groffman age equivalents gave an r = .022 and r2 = 4.683 x 10 -4. Six aspects of 
Visagraph testing were correlated with this question. With fixations an r = .356 and r2 = .126 were 
produced, with average span of recognition an r = -.333 and r2 = .111 were found and with 
average duration of fixations an r = .389 and r2 = .151 were found. The rate with rereading 
produced r = -.363 and r2 = .132, with number of lines read an r = -.246 and r2 = .061 were found 
and with percent comprehension an r = .205 and r2 = .042. 
Question nine asked the subjects to rate how often they read for fun. When correlated 
with OEM age equivalents an r = .076 and r2 = .006 were found. With Groffman age equivalents 
an r = .294 and r2 = .086 were found. Correlations were attempted with three aspects of 
Visagraph testing. , With relative efficiency an r = -.052 and r2 = .003 were produced, with grade 
equivalents an r = -.183 and r2 = .034 were found and with percent comprehension an r = -.16 and 
r2 = .026 were found. 
Question ten asked the subjects to rate how often they would choose to play ball instead 
of reading from never (1) to always (9). Correlation with OEM age equivalents gave an r = -.032 
and r2 = .001. Correlation with Groffman age equivalents gave an r = -.014 and r2 = 1.888 x 10 ·4. 
Correlations were done with three aspects of Visagraph testing. With relative efficiency an r = 
.142 and r2 = .02 were found, with grade equivalents an r = -.001 and r2 = 2.099 x 10 -6 were 
found and with percent comprehension an r = -.282 and r2 = .079 were found. 
A correlation coefficient was not performed for question eleven because it was a general 
question asking the student to rate the importance of vision in helping them to learn. 
Question twelve asked the subjects to rate how often, from never (1) to always (9), they 
have asthenopia after thirty minutes of reading. Correlation with OEM age equivalents produced 
an r = -.256 and r2 = .065. When correlated with Groffman age equivalents an r = .041 and r2 = 
.002 were found. Correlation with Visagraph percent comprehension gave an r = .265 and r2 = 
.07 . 
DISCUSSION 
Overall this study found low correlation between subjective reading performance 
determined by a questionnaire and three standardized eye movement tests: the OEM, Groffman 
and Visagraph. Following is a summary of positive correlations only, which, although of low value 
have some significance when determining appropriate eye movement testing for an elementary 
school population. 
Of the three eye movement tests utilized, the DEM correlated best in predicting general 
reading performance. This suggests accurate and quick saccadic eye movements are 
fundamental to overall reading performance. 
Visagraph testing correlated with several subjective reading aspects. The Visagraph 
better predicted a youngster's ability to understand material after a single reading than did the 
DEM or Groffman. Subjective rating of skipping words when reading also correlated with the 
Visagraph. Using a marker while reading and losing place during reading correlated with the 
average duration of fixation which suggests the student had to look at the word for a long period 
of time before recognizing the word and moving to the next. Comparing subjective reading rate, 
Visagraph testing showed slight significance with fixations per 100 words, average duration of 
fixation and percent comprehension suggesting that the longer the student looked at the word 
before recognizing it, the more comprehension suffered. 
The Groffman correlated only slightly better than the other eye movment tests on one 
subjective reading aspect! leisure reading . 
It is the investigators' opinion that the Visagraph of the three eye movement tests utilized, 
seemed to correlate best with subjective reports from children who complain of reduced reading 
ability. 
In a similar study conducted by Stoebner and Opp, the Visagraph results correlated best, 
though not entirely, to subjective responses dealing directly with questions about reading in an 
adult population.9 Leisure reading also correlated poorly with Visagraph results in this study as 
well as in our study conducted with elementary age students. Stoebner and Opp suggest that for 
an adult population the Visagraph may be the best test for evaluating a chief complaint of poor 
reading, rereading , and slow reading rate. 
9 Opp, Curtis. Stoebner, Ben. Visagraphic Eye Movement Analysis and Subjective Correlates. Optometry 
Thesis. 1993. 
The low correlation between subjective and objective testing may be due to the inability 
of students at this age (7-12 years) to be good predictors of their own reading performance. If 
students are not good predictors, it is important to evaluate not only the youngster complaining of 
poor reading skills, but also the one who claims to be a good reader despite indications otherwise. 
Secondly, a one time performance check of reading skills may also have contributed to a 
low correlation. A recent study by Clary and Peters (not published) showed that first time 
performance using the D EM, King Devick, and Vi sag raph tests did not correlate well with how the 
student performed after a third time of retesting. 
This study shows for children , ages 7-12, optometrists need to rely on objective eye 
movement testing rather than on the student's perception of his or her reading performance. It is 
also important to obtain information from teachers as well as parents on an individual's reading 
skills and habits. 
APPENDIX A 
Pretend that you are reading one of your schoolbooks. The statements below are about reading 
performance. The numbers which follow each statement stand for how well that statement 
describes you . Circle the number which sounds the most like you. Use the numbers "2", "3", "4", 
"6", "7" or "8" for different amounts of agreement. 
Thank you very much for helping us. 
Birthdate (month/day/year) _________ _ Grade __ _ 
Boy Girl 
1. I feel that as a reader, I am .. . 
1 2 3 4 
excellent 
Reading correction worn 
5 
average 
6 7 8 
2. After reading something tor the first time , I can remember what I read . 
9 
poor 
1 2 3 4 5 6 7 8 9 
always half of the time never 
3. After reading something once, I understand what I read . 
1 2 3 4 5 6 7 8 9 
always half of the time never 
4. I have to re-read material to understand it. 
1 2 3 4 5 6 7 8 9 
never half of the time always 
5. I skip words while reading. 
1 2 3 4 5 6 7 8 9 
never half of the time always 
6. I use something, such as my finger , to help me read : 
1 2 3 4 5 6 7 8 9 
never half of the time always 
7. I lose my place while reading. 
1 2 3 4 5 6 7 8 9 
never half of the time always 
8 . My reading speed is . . . 
1 2 3 4 5 6 7 8 9 
fast average slow 
Yes No 
9. If I had no school reading assignments and could read books for fun , I would read as much as 
possible . 
1 2 3 4 5 6 7 8 9 
always half of the time never 
10. If I must choose between reading my favorite book and playing ball , I would choose to play 
ball. 
2 3 4 5 6 7 8 9 
never half of the time always 
11 . My vision is very important in helping me to learn. 
1 2 3 4 5 6 7 
yes maybe 
8 9 
no 
12. After reading for a half-hour (30 minutes) I have discomfort such as my eyes tiring or 
headaches. 
1 2 3 4 5 6 7 8 9 
never half of the time always 
- - -
VIS A L T R.A C G TES 
Be cord Forzn 
NAME DATE 
AGE FORM 
LETTER NlHIER SECONDS POINTS SCORING SCALE REACHED ELAPSED 
l A SECONDS NUMBER Of ELAPSED POINTS 
B 
BELOW 16 10 
c 16-20 9 
D 21-25 8 
26-30 7 
E 31;..35 6 
3n-~o 5 
TOTAL NUMBER OF POINTS ~1-45 4 4n-C\n 3 
50-60 2 
RATING OVER 60 1 
CCliPLETE THE FOLLOWING LIST DI'IEDIATELY AFTER ADMINISTRATION OF THE TEST 
1. ATTEMPTED TO USE FINGER 
2. EXCESSIVE HEAD MOVEMENT 
3. U1PROPE.R DISTANCE FRmJ PAPER 
4. UNUS U ..\L HEJ\D POS reRE --
S. UNUSUAL BODY POSTURE 
6. UNUSUAL FACIAL EXPRESSION 
7. UNUSUAL VERBAL COMMENTS 
8. UNUSUAL BODY MOVEMENT 
9. OTI£ER 
GROFFMAN F.JR USE WITH VISUAL TRACING TEST CARDS 
Intern: 
O.D.: 
Developmental Eye Movement Test 
(OEM) 
Patient's Name: 
DOB/C.A.: 
Test Date:---------
TEST A: 
37598257461476379392 
45217537487465292364 
TESTB: 
63291746525374845217 
Time/Errors 
---J'---
793 9214763257 463 7 598 Time/Errors I __ 
TEST A+ TESf B: Vertical Time/Errors / __ _ 
TESTC: 
37598 
25746 
14763 
79392 
45217 
53748 
74652 
92364 
63291 
74652 
53748 
45217 
79392 
14763 
25746 
37598 
Raw 
Score 
Vertical time 
Horizontal time 
Ratio 
Errors 
VTS 33.422, version 1 
Horizontal Time/Errors 
Std. 
Score 
% 
Rank 
__ ___,, __ _ 
Age 
Equiv. 
Oc(SIJ VISAGRAPH EYE-MOVEMENT PERFORMANCE RECORD 
Name 
Last First Age Sex 
School/Organization ------------------ Class/Division ---------------
Address --------------------------------------------------------~----------------------
stare Zip Street City 
Test Date Diskette 1 
Letter ..__ ---'----! 
Grade Placement I 
{year and month) '------..__ ___ _. 
Test Selection I 
Level ~. ---L---J 
- ---
~. lfl~A©lllf;11~ lf.>~!fllf'@~lf;11~~ lfJ!fl@lf'lliL~ 
Data 
I most active eye) 
Pre Post 
- - -- -
Part 1 ' Part 2 • 
Grade Level Adv. Adv. Adv. Adv. Adv. 
Component 2 3 4 5 6 7 8 9 10 11 12 Col. 1 2 3 4 5 
Fixations/1 00 words 224174155139129120114109105101 96 94 90 77 65 57 48 44 
Regressions/100 words 52 40 35 31 28 25 23 21 20 19 18 1.7 15 11 8 5 4 2 
Directional Attack/% 23 23 23 24 22 21 20 19 19 19 19 18 17 14 12 8 8 5 
Av. Span of Recog. .45 .57 .65 .72 .78 .83 .88 .92 .95 .99 1.04 1.06 1., 1 1 .30 1.53 1.75 2.08 2 .27 
Av. Our. of Fix. .33 .30 .28 .27 .27 .27 .27 .27 .27 .26 .26 .25 .24 .23 .23 .22 .22 .22 
Rate Without Rereading 80 l 15 138 158 173 185 195 204 214 224 237 250 280 340 400 480 5130 620 
Rate With Rereading 
Number of Lines Read 
*Less than 15% -- Good 
16-22% --Average 
23-40% - Poor 
Part 1 is taken from "Grade L.evel 
Norms for the Components of the 
Fundamental Reading Skill," by 
Stanford E. Taylor, Helen Frackenpohl, 
and Jarn .. L. Pettee, EDL R .. eorch 
ond Information Bulletin No. 3, 
Educational Developmental Labora· 
torie., 1960. 
2 Part 2 represents typical reading 
performance characteristics for trained 
readers. accumulated from various 
reading centers employing instrument 
training technique! and U!ing eye-
movement photography as an eva! u-
atiw procedure. 
- - - - -
ill3. ~~~"lfllW ~u;u;n~ll~lf;1J©f ~argo ~~ffi}.[L~ 
R.E. 
Rate Relative Efficiency • Grade Equiv . Grade Equiv. Fixations+ Regressions 
1. Head Movement 
2. Rereading 
3. Lack of Return Sweep 
4. Habitual Refixation on Return Sweep 
5. Extreme Variation in Duration of Fixation 
6. Extreme Variations in Fixations 
7. Apparent Difficulty with Binocular Coordination 
33.495, pg.l 
OD{r=JQ INSTRUCTIONAL/COMMUNICATIONS TECHNOLOGY, INC. 
_ \.. ~ U 10 Stepar Place • Huntmgton Station, New York 11746 
R. E. 
Grade 
Level 
.29 .......................... 1.0 
.41 ............ ...... ... 1.5 
.54................ .. ........ 2 .0 
.63 ... ..... .. .. ......... 2.5 
.73 .... .. ... ... .. .... ........ 3 .0 
.83 ................ .. ........ 3.5 
.93 ............ ..... ......... 4.0 
1.01 ..... .... . ............ 4.5 
1.10 .. ..... ... ... ............. 5.0 
1.18 ...................... 5.5 
1.28 ........ ....... ........... 6.0 
1.34 ...................... 6 .5 
1.42 .. .... .. .................. 7.0 
1.50 ..... ................. 7.5 
1.57 .. ................. ....... 8.0 
1.64 ..... .. ............... 8 .5 
1.71 .......................... 9.0 
1.79 ..................... 9.5 
1.87 ...... .......... ........ 10.0 
1.97 ... ... .. ....... .. ..... 10.5 
2 .07 ........... .. ............ 11.0 
2.16 ................ ...... 11.5 
2 .25 ......... .. ............... 12 .0 
2.40 ........ .... ...... .... 12.5 
2.66 ....... .. ...... .. .... ..... 13.0 
2.77 ........ ...... ........ 13.5 
2.95 ........ ... ....... ....... 14.0 
3.86 ....... ... .. ... ..... Adv. 1 
5.48 .... ......... .. .......... Adv. 2 
7.74 .................... Adv. 3 
10.77 ... .. .................... Adv. 4 
13.48 ............ ........ Adv. 5 
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VISAGRAPH TEST RESULTS 
and 
1/CT'S FLUENCY DEVELOPMENT PROGRAMS 
Test Results Fluency Development Progams 
• Excessive number of Guided Reading PAVE Program 
fixations (eye stops) 
and accompanying Tach-Mate Word Memory Program 
reduced span of rec-
ognition (amount of Vu........,ate Processing Power 
words or word-parts Program 
perceived per eye stop) 
Guided Reading Program 
• Excessive number of Guided Reading Word Memory Program 
regressions . 
Processing Power 
Program 
Guided Reading Program 
• Unusually prolonged Tach-Mate PAVE Program 
duration of fixation 
(length of eye pause) Vu........,ate Word Memory Program 
Guided Reading Program 
• Poor directional attack Guided Reading (es- PAVE Program 
pecially Visual 
Inadequate return Efficiency training) Processing Power 
sweeps Program 
Guided Reading Program 
• Habitual re-reading Guided Reading Processing Power 
Program 
Read/Along Guided Reading Program 
READ Comprehension Power 
Program 
• Inadequate rate with Guided Reading Processing Power 
comprehension Program 
Guided Reading Program 
• Poor information Guided Reading Processing Power 
processing Program 
Guided Reading Program 
Comprehension Power 
Program 
The use of 1/CT's programs of fluency development will improve an individuals's visual/functional, 
perceptual, and information processing capabilities. These improvements will reflect in both reading 
efficiency, as measured by eye-movement recording, as well as increased effectiveness, as measured by 
standardized reading tests or other appraisals. 
VTS 33.495, pg.2 
Thesis data 1 
. 
• I 
- ! 
.. --· -··------ ---- --·------ ~-- · 
--·---·- -r--
·- ·---·-··-
---------- ·-·---- -~--~ ---- ·····- -- '---
AGE GRADE SEX OEM GROFFMAN QUESTIONNAIRE 
--
--
a11a2 AGE SCORE/ 03 04 as 06 07 08 09 010 011 012 
RATIO AGE SCORE 
• 
12.17 6 M 9 0.05 5 7 5 5 2 9 3 6 3 7 1 9 
10.92 5 M 1 0 1.73 4 6 3 7 1 3 5 6 3 6 1 6 
---------I-- -----
11 .17 5 F 1 1 0.79 4 3 2 4 1 , 2 4 7 2 1 3 
r- ----- ---- ---·- 1-------·-·- ........ --+ 
10.33 4 M 1 0 1.15 7 · 5 5 2 2 _?l ___ -! 7 7 8 4 5 
--
-· ------·---. 
...... 
.._ _______ 
···---···- ·-··--·- --~-- --
12 .83 6 F 1 1 1.00 5 6 5 5 3 1 ' 3 5 3 7 1 3 
--- ····-- ·---r--- ------ --- r--- -
7 .92 2 F 1 1 1 .68 2 4 1 ~ -~ 2 3 2 2 8 3 2 
·- -- 1--- - -- - -
11 .42 5 M 8 1 .60 2 4 5 2 2 . 3 2 3 2 6 1 7 
c---
8 .25 2 F 8 1 .53 2 4 1 2 3 1 4 2 1 1 3 4 
9 .83 3 F 9 0.05 5 5 5 5 1 9 5 5 5 5 2 2 
-
8.25 2 F 8 2.47 1 1 5 4 1 9 4 5 6 5 5 5 
11.75 5 M 1 0 1 .36 4 4 4 3 2 3 3 6 5 7 4 6 
----
-· 
8 .75 3 M 7 0.71 3 3 4 2 1 3 2 3 2 6 1 7 
- -- -- -·---· ---·· •... ··----- --- =rr=~- r----12.42 6 M 1 o. 0.66 8 6 5 1 5 9 5 9 2 9 
·----------!-----· ---- --
-
f---- ----C+--
8 .75 3 F 8 0.41 3 3 3 1 3 ~J -~. 3 1 5 1 2 
-
.. 
- ----- 1-----
1 I 5 11 .25 5 F 11 1.07 2 4 3 3 3 4 3 1 2 2 
----
--· 
10.25 4 M 1 0 1 .81 5 4 3 6 3 2 6 7 7 5 3 3 
-
11 .oo 6 M 1 1 1 .43 6 4 3 5 3 6 5 7 8 8 4 5 
8. 00 2 M 8 1 .24 3 7 7 2 4 6 8 5 5 4 1 5 
-
12.08 6 M 1 0 0 .88 3 4 5 5 2 3 3 3 9 9 1 1 
9 .00 4 F 9 1.36 3 3 3 6 1 2 3 3 4 8 1 4 
11.17 5 F 1 0 0.29 4 1 5 2 1 1 2 4 1 5 1 1 
- -
12 . 17 6 F 1 2 0.63 5 3 4 5 2 1 2 5 2 5 1 5 
r-· .. ... f----r------ ----- -- ------ ----~- --- - - - ---
8.42 2 F 8 1 .41 3 2 1 --JJ- ~- 2 1 2 2 4 1 3 ---------- -- ---------- ... -- ------- ........ -. --- ------------------·- . ----- - ---- ---- -- -10.67 4 F 1 0 1.08 2 2 3 1 ~ 1 4 2 5 1 3 
-- --
------ ------· .. - -· ·- - ---- .... --- ----- ,.. ~ --11---3 10.92 5 M 1 0 1 .42 3 2 ' 5 ----~-'-! 5 5 1 2 - -- ------- ---· ·--------- -------- - ... -- ---
8.33 2 F 7 1 . 71 2 4 4 1 1 9 9 5 4 7 1 3 
-
11 .25 5 M 1 1 1.43 3 4 5 3 4 4 2 4 5 5 4 5 
--- 1---
10.00 5 F 1 3 1 .23 4 4 6 4 1 5 4 3 1 1 1 3 
-
11 .33 5 M 1 1 0 .07 5 5 1 1 1 1 1 5 5 9 1 1 
-· -
10 .00 5 F 1 0 0.78 3 2 2 1 2 2 1 1 2 1 :1 1 2 
9.58 3 F 7 0.00 4 4 2 6 1 1 2 5 5 4 1 5 
1--· 
11 .33 6 M 1 1 1.80 2 5 2 3 1 2 5 1 4 5 1 3 
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Thesis data 1 
------ ·-------- -- ---- ...... --- ... 
- - - -----1- ------- ·-· -- ~- -- ------------1-------1 
- - --+----------- - --- -------- ---- -···-------------+--·-···----------t-------
I----- ---'---------L-- ---_j_-----·-L _____ ____ ~-------1 
VISA GRAPH 
FIXATIONS/ REGRESSIONS/-l --D-IR-E-C-TI_O_N_A--L-.-A--V--G-._S_P_AN_ AVG. OUR. RATE W/0 
~--=-.::::..:.:_~~..::_:__+------'--'----'--1-----'-----'-----t--------·------+-----~ 
100 WORDS 100 WORDS ' ATTACK/% OF RECOG. OF FIX. REREAD. 
__ 1_2_6 ~==== ~:=n• •g_l~ -:--:::::17 - --~-= 0 ~8_~ •- _-__ ·-. --0- .-4 -9 t------9--17 
148 45 : 31 0 .68 0 .33 124 
·----136 - ------ ·- · · 2 8
1 
· --·21· -----· ··--- · --1--.-48·------------ -o~-3-2+-----1-4----~1 
- ···--- -----··· -·-· -
120 37 32 0.84 0.49 102 1------+---------+ --------- ··-···----- -- --+------1 
143 47 33 0.71 0.30 140 
- ---"'-1----·------- - --- -·------·---··--·· ------- ------------t----- --'-1 
94 11 11 1.07 0.35 188 
r----------+-------r-------1---------·--- ·-----------+--------+ 
113 25 22 0.89 0.28 193 
- - -----~ --------~----~} 
132 17 13 0 .77 0.41 111 
~---~~-------+-----~------r-------r-----1 
, ___ _ 2_2_5--+------___ 6~8 t--------=-3_:__0+-------=-0_. 4 5 0. 3 4 
80 3 3 1.24 0.55 - 133 
~------ . ------ -- --------·- ... - --------------- ---------------t---
80 
143 1_~ -- _________ .!__? ___ ______ Q_}_Q -·-- . 0.37 ~ 
144 36 24 0.71 0.32 132 
-------,---t------· -------- ------- - ------. - ----f- -----·---·· ·-·--- ---- --·-- -----···----+-------1 
1 ~~ ----=:::::=~i}--- -tt ~·-~-~ -- ~ ;: ~~~ 
111 23 1 21 0.91 0 .32 174 
i H ~~r~ ~f~[.t~-·--=~~~----f~! 
1; ~ r------- -- -- --- ~ ~ 1--:::::_-=-H-=--=-=i~~t·-~----- ~ __ j_: ~~ ~~~ 
, ___ 8 __ g _____________ _ --------~~ ----··- _____ ?T ___ 1.2-~ - ________ 9_:29 262 
__ 1_2~5 1 ____ __ _ .? .~ . ______ _________ ?_§ __________ 9.:?_9 ·-· _____ Q_.28 176 
95 17 18 1. 06 · 0.33 195 
----r------------------------ ----·-·- --- ------- . ---t------1 
118 25 21 0.86 0 .41 127 
-----+----------+------- ----- -· ·····--- ------------- -+--------1 
1-
94 1 3 14 1 .07 0 .22 289 
- --1-04---,-1. r--------2- 4--+-------24 c------o.96 _________ o.-.. -3--2+-----1-8--13 
1-- ---+----- -------1------ ---------- - - ---1---------1 
100 16 15 1.00 0.32 186 
---+---------1 - - -- ----------- - --j------1 
96 26 27 1.05 0.27 235 
---+----------- -- -----+------+-------+---- -----1 
---~-~-!+-- -=-~-::_; :~------__ -l-1=:: -t~!+,_-___ -_---~~-:-~-~-~-----!-~ --~~ 
---------2r--- ---- -- ------ ----------------··r·-------- --
7o 3 , 1.43 - 0 .21 411 
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Thesis data 1 
-------+--- - ----+--··_·. -==£ -=r--- - ~ - -
---~----- ----~ --~--- ----·~-----------------
1------,--------~-----.------,---- ----~----~-
RATE W/ 
REREAD. 
NO. OF RELATIVE GRADE COMPREHEN. 
LINES READ EFFICIENCY EQUIV. % 
1~----+--------t----- -----+----t-~--------
-------1----~--~--~- r--------- --1---------·-- --~--~-~------·· 
97 0.87 0.66 2.50 70 
--~~r------- .. -~-----· - ~--
124 1.00 0 .64 2.50 90 
---------·----- r-------- ------ --·-···------- --- --- -------
141 0 .93 0.81 3.00 90 
- - --+-------- 1------+--------- --------~--~~-
102 0.53 0 .64 2.50 90 f--- -~~+---·- ---------------------
140 0.80 0.74 3.00 80 
c-----------+---- ---+-------1--~-- ---------~------
137 1.25 1.69 - 8.50 90 1------- ----+------- ---~- c--- -~-------------t-------1--- -------~---- -
1 9 3 0 . 8 0 __ 1_. 3,_5+-____:_6_. 5'--0'--1-------~-----1 0 0 
85 1.38 0.72 2.50 100 f----- - -+------ - -1-- ---- -+-----------
69 1 .25 0.27 1 .00 90 
1 3'3 o. 7 5 1 .4 6 -7. o-o ------~s--o-
__ 1_3_3_ ---~-----~1~o-ol ____________ ~o~o ---2~5-c)- ---------9--ci 
------------- ----- ···+--------- - -------- --------- ---- ---- - - - -- ---- ----------- ~-- - -
132 1.00 0.63 2 .00 90 
- ------- ·- -- - ----------------------------- --------------------
150 0.93 0.90 3.50 100 
- ~-- ---- ------------- ----------------------
215 . 0 .75 2.26 12.00 80 
------1--------- f--·--·---- ~------~---
174 1 .00 1.30 6.00 100 
--- - f------··-- r----------------'~-- -~---------- --- --~--- ----
1 1 1 o. 9 3 ·o . 7 3 3 . o o 8 o 
-----+--- - - ----1r-----------r--·--t------
153 0 .80 0.89 3.50 100 
_ ______ 7'--5-=-+--_ __ 1_ . ...:..o--=-o+-------o'--.--=-3---=---jo 1. o o 9 o 
144 1.10 1.18 5 .50 60 
__ 6_3_9-t- --0----c.-2-Q_+_-__ ~~------1_£:§]_ c-----1?..:0 0 1- -~~==j3]" 
_____ 2 6_2-+----------~9-~§Q_ l---- ___________ 2.. :.~-~ --~ ~--: __ Q_9_j___ _ _ ___ BQ 
f-- ___ 1_7...:..6+------- _}_:_Q_Q 1----~ ___ i_:_!_Q -~ -~-~9..9 1----- ----------~_Q 
195 1 .00. 1.67 8.50 , 70 
--~-i-:-+-~------m =~~=~+ ~-*~~ ---- ,t~ 
186 0 .93 1.54 7.50 80 
1-- ·-~· --- ·-- -·-
218 1.10 1.93 10.00 90 
--~--~-----+------1--- ---
228 0.60 1.70 8 .50 7'0 
- ------+--------~ r-- - ---- --- -~--
131 1.30 1.11 5.00 90 
- - - ----+--------- ---~----------- ------------- ------------ -----~-
229 1.00 2.29 12.00 i 80 
r----- ---+---~------+---------------- ---- --~~-----+-- ----~------
411 1 0.93 ! 5.63 15.00 1 60 
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